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2 724 MILLS AND SMITH: THE REACTIVITY OF 
CCCXXVII1.-The Reactivity of Methyl Goups  in 
Heterocyclic Bases. 
By WILLIAM HOBSON Mrrxs and JAMES LEONARD BRIERLEY 
SMITH. 
IN its characteristic reactivity, the 2-methyl group in quinaldine, 
a-picoline, and similar heterocyclic bases corresponds in many 
respects with the methyl group in such compounds its the methyl 
ketones or nitromet,hanc, or with the methylene group in 
phenylacetonitrile. 
In these substances, if has long been recognised (for example, 
Wenrich, Ber., 1899, 32, 688) that a marked similarity in consti- 
tution exists; the methyl or methylene group is in each case 
attached to  a multivalent element, Y, which is in turn doubly 
(or trebly) linked to  an element of strongly " negative " character, 
Z, according to  a scheme such as -CH,*Y:Z. 
It is therefore probable that, as was suggested by Henrich * 
* Plancher (Gazzettn, 189.5, B, ii, 417) made a similar suggestion to account 
for the reactivity of the 2-methyl group in 2-methyl-3 : 3-diethylindolenine. 
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METHYL GROUPS IN HETEROCYCLIC BASES. 2725 
(compare Vorliinder, Ber., 1902, 35, 4145), the 2-methyl group 
in the bases of the pyridine and quinoline series owes its reactivity 
to its being associated, as represented in the Korner-Dewar formula 
for pyridine, with a -(?N-group, the effect of the -C:N- on the methyl 
group in the grouping CH,*C:N- corresponding with that of the 
carbonyl grodp in the grouping CH,*&O of the methyl ketones. 
If this is true, the possibilit,y of the existence of two chemically 
distinct forms of a-picoline is indicated, one (I) with a reactive, the 
other (11) with a non-reactive methyl group. It is scarcely to be 
/\ 
\/ CHPh:CHI 1CH:CKPh 
N 
expected that these two forms could be obtained each apart from 
the other on account of the mobility of the system of linkages 
existing in the pyridine ring; for example, 2 : 6-dimethylpyridine 
(111) gives with benzaldehyde and zinc chloride a dibenzylidene 
derivative (IV) (Schuster, Ber., 1892, 25, 2398). 
If, however, by some means, the mobility of the linkings in the 
pyridine ring could be diminished? it might be possible to demon- 
strate s, difference of reactivity of the methyl groups attached to  
the carbon atoms on either side of the nitrogen atom. 
There are two obvious methods by which the mobility of the 
linkages in a ring of this kind can be limited. The f i s t  consists 
in the fusion of the pyridine ring with a benzene ring so as t o  pro- 
duce an isoquinoline nucleus. The tendency of each of the two 
six-membered rings to  maintain its aromatic character should then 
fix the linkings in the resulting isoquinoline nucleus in positions 
corresponding with those assumed in Erlenmeyer's naphthalene 
formula. Marckwald (Annulen, 1893, 274, 331; 1894, 279, 1) 
has shown that much experimental evidence exists in favour of 
this view. 
The two isomeric a-picolines fused thus with a benzene ring 
give 1 -methylisoquinoline (V) and 3-methylisoquinoline (VI), 
respect,ively. The former compound should contain a reactive, 
the latter a non-reactive, methyl group. 
4 z" 
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2726 MILLS AND SMITH: THE REACTIVITY OF 
The second method of fixing the linkages depends on thc possi- 
bility of replacing a -C,H,- group in the pyridine ring by an atom 
of sulphur. This replacement gives, instead of pyridine bases, 
bases of the thiazole series, and thc resemblance in physical and 
chemical properties between the compounds of the two series, 
which Hantzsch has described. (Annulen, 1889, 250, 2SS), is cvcn 
inore striking than that between benzenc and thiophen. In  placc 
of the two forms of a-picoline we then have 2-mcthylthiazolc 
(VII) and 4mcthylthiazole (VIII), and according to tho foregoing 
considerations the former should contain a reactive, the latter a 
nou-reactive, methyl group. 
Invest,igation of these isoquinoline and thiazole derivatives has 
shown that in fact the properties of a methyl group adjacent to  
thc cyclic nitrogen atom in bases of this typc differ in the most 
marked manner according to the side of the nitrogen atom on which 
the group is situated. 
The isomeric 1 - and 3-methylisoquinolines were first investigated. 
Their behaviour towards bcnzaldehyde was compared and was 
found to  stand in sharp contrast. 
When 1 -methylisoquinoline was treated with benzaldehyde a t  
100" in presence of a small quant'ity of zinc chloride, condensation 
was found to take place readily; water was seen t o  separate, and 
the condensation product, 1 -styrylisoquinoline, crystallised on 
cooling. 
When 3-methylisoquino1incy on thc othor hand, was heated with 
bcnzaldehyde and zinc chloride under corresponding conditions, 
no condensation took place even after prolonged heating ; there 
was no sepa'ration of water, and thc base and the benzaldehyde 
could both be recovered unchanged. 
Thc reactivity of the methiodides of the two bases was t h C J l  
compared. The reactive charactcr of the %methyl group in bases 
like a-picoline and quinaldine becomcs greatly enhanced when 
the bases are converted into their quaternary salts. For example, 
cc-picoline and quinaldine apparently cannot be madc to condense 
with nitrosodimethylaniline. The alkyliodides of thesc bases, 
however, condense with nitrosodimethylaniline with vcry great 
ease in alcoholic solution in presence of piperidine to give azo- 
methine derivatives, quinaldine ethiociidc for iiis&ance giving the 
compound IX (Kaiifmann, Ber., 1912, 45, 1736) : 
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METHYL GROUPS IN HETEROCYCLIC BASES. 2'727 
Again , quiiialdinc can be madc to  condcnse with p-dimethyl- 
;tniinobeiizalde~iycle, as Mr. E. 8. Dewing and one of us have found, 
by heating the two substances together for somc hours at 100" 
with zinc chloride ; but quinaldinc ctIiicdiidc, in presence of il 
smd 1 quaniity of piperidiiie, condenscs with this aldehyde even in 
diliitc alcoholic solution, giving 1,-dimethyltL~,inostyryl derivatives, 
such as the compound (S) obtained from quinaldine ethiodide 
(Kihig, J .  p r .  Chem., 1912, [ii], S6, 172 ; 1'932, [ii], 102, 63; Barbier, 
BUZZ. SOC. chim., 1920, [iv], 27, 427; Pope and Mills, this vol., 
. On account of thc rcadineas with which thcse condensations 
take placc and the intense colour of: the products, they provide 
an exceedingly delicate test for the reactivity of a methyl group 
in bases of the type under consideration. On investigating thc 
mcthiodides of 1 - and 3-methylisoquinoline in this manner, a 
difference in reactivity was observed which corresponded exactly 
wifh that shown by the free bases. 
When 1 -methylisoquinoline mas heated in alcoholic solution with 
p-dimethylaminobenzaldehyde in presence of a small quantity of 
pipcridinc, a deep red colour was very rapidly produced and the 
condensation product to which it was due, l-p-dimethylaminoslyryl- 
isoquinoline methiodide, 
p. 946). 
wils easily isolated in crystalline form. 
When, however, 3-met~ylisocjuinoiiIrc methiodide n.ns treated 
iu the same way, no trace of colorrr characteristic of a p-dimethyl- 
aminostyryl dyestuff appeared aiid no other evideiicc of the 
occurrencc of condensation could bc olstaincd. 
Similarly, a hot; dcoholic solution of 1-luethylisoyuiiioliiic nlcth- 
iodidc and nitroso~lllethylaniline, 011 addition of a few drops of 
piperidinc, at once becamc c h p  purple, evidently on account of 
the formation of a dime thylaminoazorncthine derivative, whilst 
in thc corrcspofidhg mixture in whicli thc 1 -methyl methiodidc 
was replaced by the 3-mcthyl isomcride, there was no dcvelopment 
of oolour. 
Further, i t  appears that 1 -methylisqim&nc methiodidc can 
undergo a cyanine condensation with quinolinc alkyliodides, but 
4 %* 2
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2728 MILTS AN1) SMITH TIfK REACTIVITY OF 
that 3-inethylisoquinolinc methiodidc is uiiablc to takc part in 
such a reaction; for on ha t ing  the latter methiodide with an 
alcoholic solution of quinoline mcthiodide and sodium hydroxjdc 
no colour appeared, but with the former an intense red colour 
was quickly developed and the solution then showed a double 
absorption band in thc green similar to that which chsracterises 
the isocyanines. 
After the great contrast in thc reactivity of methyl groups in 
the 1- and 3-positions in isoquinolinc and its quaternary salts had 
thus been demonstrated, we proceeded t'o examine the methyl 
derivatives of the bases of the thiazole series in a similar manner. 
The simple mctfmyltliiazoles are somewhat difficult to prepare. 
Our experiments were therefore carried out with the two isomeric 
compounds, 4-phenyl-2-methylthiazole (XI) and 2-phenyl-4-methyl- 
thiazole (XTL), which are readily obtainable by methods described 
by Hantzsch (A;IznaZen, 1889, 250, 269) and Hubacher (AmlaZen, 
1890, 259, 236) : 
S S 
(XII.) j 0 j P h  
Me-N 
The methyl groups in these compounds showed a difference in 
reactivity which was entirely comparable with that of those in the 
two methylisoquinolines. 
The methyl group in 4-phenyl-2-methylthiazole was even more 
reactive than that in I-methylisoquinoline. The free base entered 
into condensation with benzaldehyde very readily to give 4-phenyl- 
2-st-yrylthiazole (XITI) ; it also condensed with phthalic anhydride 
to  give the thiazole analogue of quinophthalone (XIV). 
S S 
(XIII.) /) CH:CHPh 
P h L N  
The reactivity of the methiodide was still more pronounced. 
With the greatest facility it gave a p-dimethylaminostyryl deriv- 
a tive with p - dime t h y lamino benz alde h y de , an az ome t hine derivative 
with nitrosodimethylaniline, and a dye of the cyanine type with 
quinoline inethiodide and alkali. 
I n  the isomeric base, 2-phenyl-4-methylthiazole (XII), on the 
other hand, the methyl group, a t  least so far as reactions of the 
type of the foregoing are concerned, was found to  be completely 
non-reactive. The free base could not be made to  condense with 
benzaldehyde, and the methiodide appeared to be wholly indifferent 
towards p -  dime thylamino benzaldeh yde or nitrosodime thylanil ine 
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METHYL GROUPS IN HETEROCYCLIC BASES. 2729 
and to be incapable of forming a cynnine dye with quinoline 
methiodide and alkali. 
It is thus perfectly clear that there is tt very definite difference 
in the reactivity of a substituent methyl group adjacent to tho 
nitrogen atom in isoyuinoline and thiazole bases according as it is 
situated on one side or the other of the nitrogen. 
This would appear to provide evidence of some corresponding 
difference between the liiikings by which the nitrogen atom in 
isoquinoline and thiazole nuclei is attached to the carbon atom on 
either side of it and thus to support that view of the constitution 
of the nuclei of these heterocyclic bascs, which was used as the 
basis of the considerations a t  the beginning of this paper, according 
to which the atoms are regarded as alternately singly and doubly 
linked, as in Kekulk’s foimula for benzene. 
It is nevertheless desirable to consider the facts more closely. 
There is an evident similarity, as has already been stated, between 
the types of reaction of which the methyl grudps in these nitro- 
genous heterocyclic bases are capable and those which are char- 
acteristic of the methyl group in the methyl ketones. It appears, 
however, to follow, from the work of Eapworth on acetone (T,, 
1904, 85, 30) and that of Dimroth (Ber., 1907, 40, 2404) and I<. H. 
Rleyer (A7znale?z, 1911, 379, 59; 380, 212, etc.) on the relative 
activity of keto- a,nd enol-desmotropes, that the distinctive re- 
activity of the methyl in compounds containing the grouping 
CH,*CO- is dependent on their capability of passing over in a 
greater or less degree into enolic modifications. It is therefore 
exceedingly probable that the capacity of the methyl group as such 
for direct condensation is comparatively slight. 
I3 this is so, then the marked power which quinaldine, for example, 
possesses of condensing with aldehydes and similar substances 
must be due to the presence, under the conditions of the reaction, 
of a small quantity of a reactive tautomeride with which it exists 
in equilibrium. Such a tautomeride could scarcely be other than 
the substance XV, the constitution of svhicli corresponds closely 
with that of the cnolic modifications of methyl ketones. The re- 
activity assigned to this substance is in harmony with the work of 
K. N. Ifeyer (Ber., 1821, 54, [R!, 2265, 2268), who has given reasons 
for attributing great aetivit,y to the groupings NI-I,*C:CH, and 
Nlfe,-C:CH,. There is also cvidcFcc from analogy to show that 
there is nothing irnpmhable in the ;issumption of the liinitcd form- 
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2730 MILLS AND SBIITII : TIITE RlL4CTIVITY OF 
ntion of such a compound from quinaldinc, for the ocwrrciice of 
somewhat similar chcng;cs in pyridine a~nd quino!ine tlcrivativcs is 
clearly indicated (for cxmiple, i\4~drcliw,zltl and Rlcyer, Rrr., 1900, 
33, 1885; Farghzr and lhrness, T., 1915, 107, GS8; compare 
Tschitschibabin and R. and A. Konowalowa, B e y . ,  1931, 54, [B], 
S 14), and substitution dcrivatives of this m c i  analogous compounds 
exist (for example, Brunner, Ber., 1898, 31, 1047; Decker and 
Klauser, Ber., 1904, 37, 538; EIaniilton and Robinson, T., 1916, 
109, 1035; Mills, tlhis vol., p. 457).* 
It is therefore possible to consider the difference in reactivity 
shown by a methyl group in these heterocyclic bases according as 
it lies on one side or thc other of the nitrogen atom not only from 
the point of view of the nitrogen-carbon linkages, but also from 
the clifferont but closely related aspect of tautomeric change. The 
contrast in properties observed in the pairs of isomerides studied 
may be regardcd as indicating that passage into a reactive form 
is possible when the methyl group is in the one position, but 
not when it is in the other. 
On this view, the reactivity of the inethyl groups in quinaldine, 
lepidine, 1 -methylisoquinoline, and 4-phen~1-2-mcfhylthiazole is 
dependent on a power possessed by these bases o€ passing over t o  
some extent, into 
NI-I 
forms of the constitutions : 
* From this point of view, the reactivity of the methyl group in'the 
quaternary salts of qizinaldine and similar bases becomes more readily 
intelligible. For the variou.: condensations of these substances with corn- 
pounds of the type X:O (aldehydes, nitroso-compounds, etc.) are brought 
about in presence of strong bases, such as piperidine-that is to say, under 
conditions under which a certain amount of the quaternary salt must be 
converted by removal of the acid into the N-allryl derivative of thst  com- 
pound to which the reactivity of tho free bast is ascribed. 
The condensations of the quaternary s a h  may th-cs he supposc"I t o  Im 
effected through these methyleno bases, which contain thr reactive grouping 
-NAlk.c:CH,, as indicated in the following schcmc : 
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METHYL GROUPS IN HETEROCYCLIC BASES. 2731 
whilst 3-methylisoquinoline and 2-phenyl-4-met8hylthiazole are non- 
reactive because they are incapable of corresponding tautomeric 
changes, for these would involve the formation of compounds of 
such formuh as : 
Prom this, the conclusion would 
=S= Ph 
CH,d-!NH 
be drawn that in 
s 
(XVIII. ) 
compounds with 
condensed nuclei like quinoline and isoquinoline only such changes 
take place in the heterocyclic ring as are compatible with the 
retention by the benzenoid ring of its full aromatic character; 
and also, probably, that bridged modifications such as XIX and XX 
(thc precursors of the forms XVI and XVIII) are not produced to 
S 
any appreciable extent in the intramolecular vi bratioris of the 
isoquinoline or the thiazole nucleus, 
The behaviour of the chloro-derivatives of isoquinoline is of 
interest in this connesion. It seems to be a general rule that when 
in a methyl compound, RCH,, the radicle It is of such a nature 
that the methyl group shows enhanced reactivity, then in the 
corresponding chloro-compound, RC1, the chlorine also will be 
unusually reactive." It would therefore be expected that the 
chlorine atoms in 1 -chloroisoquinoline and 3-chloroisoquinoline 
would show a difference of reactivity parallel to that shown by 
the methyl groups in the two corresponding methylisoquinolines. 
Experiments of Gabriel and Coln-Jan have shown t,hat such a 
clifferenee does indeed exist. 
Whilst 1-chloroisoyuinoline gives a good yield of isoquinoline 
ivhen heated for three hours wibh hyciriodic acid and red phos- 
phorus a t  170-180" (Gabriel and Colman, Ber., 1900, 33, 986), 
:~-chloroisoyuinoline is not reduced under these conditions ; for 
when 1 : 3-dichloroisoyuinoline is heated witlh the same reagents 
a t  170" the 1-chlorine atom only is removed and the resulting 
3-chloroisoquinoline resist's further reductlion. Complete removal 
of the chlorine so as to produce isoquinoline could only be effected 
by heating with red phosphorus a t  200" (Gabriel, Bw., 1886, 19, 
1655). 
* Compare, for example, acetone and acetyl chloride; 2 : 4-dinitrotoluene 
and 2 : 4-dinitrochlorobenzeno ; quinaldine and 1-chloroquinoline. 
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2732 MILLS AND SMITH: THE REACTlVITY O F  
It might be suggested that such reductions are effected through 
the formation and decomposition of additive products and that the 
difference in the mobility of the chlorine in the two positions would 
be accounted for if, as is probable, 1 : 2(or 1 : 4)-additive products 
of isoquinoline are comparatively readily produced whilst 2 : 3- 
additive products cannot be formed. The unequal mobility of 
the chlorine atoms seems to us, however, rather to indicate a 
difference in chemical polarity of the carbon atoms to which they 
are attached, probably dependent on a difference between the 
linlrings on the two sides of the nitrogen atom such as is indicated 
in the formula with the alternate single and double bonds. 
E x P E R I M E  N T A L. 
A. Derivatives of 1 -2Methylisoquinoline. 
1 -Methylisopuivzoline.-This base was prepared by the dehydr- 
ation of w-acetylaminophenylmethylcarbinol by means of phosphoric 
oxide in boiling xylene according to the method devised by Pictet 
and Gams (Ber., 1910, 43, 2384), the carbinol, in quantities of 
3 grams, being dissolved in 50-60 C.C. of hot xylene and boiled 
gently for twenty minutes with 20-25 grams of phosphoric oxide. 
The preparation of aminomethylphenylcarbinol ( p-hydroxy- p- 
phenylethylamine) by reduction of benzaldehydecyanohydrin and 
its acetylation were carried out as described by Wolfheim (Ber., 
1914, 47, 1440). 
1 -St yry Zi soquinoline, C,H ,N*CH :CHPh .-A mixture of 1 -methyl- 
isoquinoline with an equimolecular proportion of benzaldehyde and 
a small amount of the zinc chloride compound of the base was 
heated in a sealed tube a t  100" for twenty hours. Water separated, 
and the contents of the tube crystallised in long needles on cooling, 
On recrystallisation from alcohol the styrylisopuixoline was obtained 
in almost colourless needles, which melted a t  111" (Pound : C = 
88-26 ; H = 5-78. C1,H,,N requires C = 88.31 ; H = 5 6 3  per 
cent.). 
l-~~ethyEisopuiPzoline iWethiodicEe.-This quaternary salt, which 
has not been previously described, was prepared by heating the 
base with methyl iodide in a sealed tube at 60" for six hours. It 
is also formed almost quantitatively when a mixture of the base 
and methyl iodide is allowed to remain a t  the ordinary temperature 
for twenty-four hours. On recrystallisation from absolute alcohol, 
in which it is readily soluble, the methiodide was obtained in almost 
colourles~ needles, melting a t  207-5" (Pound : I = 44-44. Cll1312NI 
requires I = 44.56 per cent.). The compound is sparingly soluble 
jn cold, easily solublc in hot water. 
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METHYL CROUPS IN HETEROCYCLIC BASES. 2733 
1 -p-Bimethylaminost yrylisoquinoline nrirethiodide, 
NMe,*C,PI,*CH :CH*C,M sN( CHJI. 
-A solution of P-methylisoquinoline methiodids (2.2 grams), p-di- 
methylaminobenzaldehyde (1.1 grams), and piperidine (0.3 c.c.) 
in absolute alcohol (30 c.c.) gave a red colour immediately on 
heating, and after boiling €or three hours red crystals (0.8 gram) 
separated. These were filtered from the hot solution, and after 
boiling for four hours more, a further 1.2 grams of crystals were 
obtained. On recrystallisation from methyl alcohol, the dyestuff 
was obtained in light red needles with a faint blue reflex. It melted 
and decomposed a t  257", although the melting point varied with 
the rate of heating (Pound : C = 57.75; H = 5.03; N = 6.78; 
I = 30-62. C,,H,,N,I requires C = 57.69; H = 5.05; N = 6.73; 
I = 30.53 per cent.). The colour in dilute solution is orange; it 
is discharged by acidification with mixed acids, but reappears on 
dilution or addition of alkali. 
The dyestuff is a weak photosensitiser ; the extra sensitiveness 
conferred on the gelatino- bromide plate extends approximately 
to the D line for moderate exposures. I ts  photo-sensitising action 
is considerably weaker than that of the isomeric 2-p-dimethyl- 
aminos tyrylquinoline methiodide. 
When 1 -methylisoquinoline methiodide is heated with nitroso- 
dimethylaniline and piperidine in alcoholic solution, a deep ruby 
colour is developed. It is therefore to be concluded that con- 
densation takes place with the formation of an azomethine deriv- 
ative. When the rnethioclide is heated wihh alcoholic soda and 
quinoline methiodide, an intense red colour develops in a few 
minutes, and the solution shows the double absorption band in 
the green, characteristic of the isocyanines, whence it appears 
likely that 1 -methylisoquinoline rnethiodide, like quinaldine meth- 
iodide, can undergo the isocyanine condensation. Owing to lack 
of material, these reactions mere not further investigated. 
B. 3-l~~elh2;liso~ui7zoZi?~e. 
3-~~ethyliso~z~inoZi~z e.-This base was piepared from o-cyano- 
phenylacetonitrile according to the method described by Gabriel 
and Neumann (Ber., 1892, 25, 3563). By acetylation, treatment 
with sodium hydroxide and then with sulphuric acid, o-cyano- 
phenylacetonitrile is converted into 3-mcthylisocarbostyril, and from 
this 3-methylisoquinoline may be obtained, either by converting 
it into the 1 -chloroisoquinoline and reducing this with hydriodic 
acid in sealed tubes, or by distillation with zinc dust in a stream 
of hydrogen. We found the reduction by zinc dust to be the better 
method, as it gives prastically as good a yield and is much quicker. 
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3734 MILLS AND SMITH : THE REACTIVITY OF 
R-n~~t l~y l i so~z i ino l ine  and nen;=.nlt?4l~yde.-T~iis base coulil not he 
milde to condense with henzaldehyde in the prcscnce of aiihyclrous 
zinc chloride. 
3-Metliylisoquinoline (0.7 gram), beiizaldchyde (1.01 grams), and 
a granule of anhydrous zinc chloride were heated in a sealed tube 
for forty-four hours a t  100"; there was no indication oE the form- 
ation of water, and the contents of the tube could not be induced 
to solidify on cooling. 
The liquid in the tlube was dissolved in ether and extracted 
several times with dilute sulphuric acid. The separated ethereal 
solution was found to contain 0.90 gram of bcnzaldehyde, and on 
the addition of alkali to the sulphuric acid solution, the unchanged 
base (0.5 gram) melting at 66" was obtained. This was converted 
into the picrate, which melted at 197". (The pure base melts a t  
66", and the picrate a t  197".) 
3-n1elhylisoquinoZine il1ethiodide.-This compound, which has not 
been previously described, was obtained by heating the base with 
methyl iodide in a sealed tube at 50" for four hours. On recrystal- 
lisation from absolute alcohol, in which it is easily soluble, the 
niethiodide was obtained in lustrous, golden needles, which melted 
a t  319" (Found : I = 41.49. C,,H,,NI requires 4: = 44.56 per 
rent.). It is easily soluble in hot water or hot dilute alcohol. 
This methiodide could not be madc to condense either with 
p-dimethylaminobenzddehydc or with nitrosodimethylaniline in 
alcoholic solution in the presence of pipcridine, nor would it con- 
dense with quinoline metliiodide in presence of alcoholic sodinm 
hydroxide solution to give a cyanine dye. 
C. Cericn/i??Ps of 4- P~~r,nyl-3-3n~!~~~7thin;sole. 
4-Ph~~;y~-2-sr'yrylthicr~ol~.-4-Phenyl-S-met,hy~thiazole W ~ S  prc- 
pared from acetamide and phenacyl bromide as described hy 
Hantzsch (Awicrlen, 1889, 250, 269). 
On heating an equimolecular mixture of this basc and bcnz- 
aldehyde with a granule of anhydrous zinc chloride in a sealcd 
tube for thirty-six hours at  loo", water scparated, and the con- 
tents of the tube crystallised in long iiecdles on cooling. On 
recrystallisation from absolute alcohol, the substance was obtained 
in colourless, shining needles, melting a t  131.5" (Found : C = 77.20, 
97-44; €1 = 4-91., 5-20. Cl7Hl3NS requires C -- 77.56;  H = 4.96 
per cent.). 
4- Ph en yl-2 -thicr-olylphthalon yl?nPfhmz c, 
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-l-Plienyl-3-methylthiazole (4 grams), phthalic anhydride (3 grams), 
nnci anhydrous zinc cliloridc (3 grams) were heated in a sealed tuba 
for six hours a t  190". Thc cwntents of the tube dissolved readily 
in concentrated sulphrxric acid a t  loo", and on pouring this solution 
into much water, a brown powder was precipitated, which mas 
collected and mashed. It was recrystallised from glacial acetic 
acid, in which it is readily soluble, when the phthslone was obtained 
in dark brown needles. On recrysCallisation of this fiom absolute 
alcohol, in which it is sparingly soluble, the dyestnff was obtained 
in light brown, shining needles, which melted a t  257" (Found: 
N = 4.5. C,,HI1O,NS requires N = 4.6 per cent.). 
The substance is quite insoluble in caustic soda, and its dilute 
solution in alcohol dyes sill< a faint yellow shade. It is almost 
insoluble in ether, and it is considerably deeper in colour than the 
corresponding quinophthalone. 
4-Phenyl-2-met?~yltZiiazole -4Iethiod ide, CIoIE,NS ,CTI,I.--This mct h- 
iodide was made by heating the base with methyl iodide in a sealed 
tube a t  SO" for twenty-four hours. On recrystallisation from hot 
water, in which it is easily soluble, the methiodide was obtained in 
colourlesa, shining needles, melting a t  202". It is easily soluble in 
hot absolute or dilute alcohol (Pound : I -- 40-07. CI1H,,NTS 
requires I = 40.07 per cent.). 
4- Phenyl-2-p-dinzethyla,~~no~t~r?j l th . iole  Methiodide.--Oii heat - 
ing a solution of 4-pliciiy!-3-methylthiazole methiodide ('7 gra,ms) 
and ~-dimethylaininobeiizaIdehyde (3.3 grams) in absolute alcohol 
(SO c.c.) with piperidine (1 c.c.), a red colour developed immediately, 
and after boiling for forty minutes, red crystals (5  grams) were 
deposited from the boiling solution, and a further 1 gram separated 
at the elid of the hour. On recrystallisation from niet>hyl alcohol, 
the dyestnff was obtained in ruby-red crystals with a lilnish-green 
metallic reflex. It melts and decomposes a t  243", but the melting 
point varies with the ratc of heating (Found : C = 53.43 ; PI = 4-90 ; 
I =- 28-39 ; S = 7-13. C,oH,,N,IS requires C == 53.5'7 ; H = 4-69 ; 
T - 28.35 : X -= 7.14 per canb.). 
Thc coloiir in dilute solution is a deep orange, and is discharged 
by acids, but reappears 011 dilution or addition of alkali. The 
dyestuff is a photosensitiser, and  the extra sensitiveiiess confprred 
on the gelatino-bromidc plate extends to  X 6200, with a maximnm 
a t  h 5500 for moderate exposiires. 
4 - Phen yltlziaxol e- 2 -aldehyde p -1hh e f h gla nzi noanil Methiodidc .-A 
solution of 4-phenyl-2-methylthiazole methiodide (5  grams) and 
nitrosodimethylaniline (2.5 grams) in absolute alcohol (90 c.c.) 
gave a red colour in the cold on the addition of piperidine (0.15 c.c.), 
and after boiling for fifteen minutes, bright green crystals (6 grams) 
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separated from the boiling solution, and about half a gram more 
was obtained after a further four hours' boiling. On recrystal- 
lisation from methyl alcohol, the dyestuff wits obtained in red 
crystals with an intense green metarllic reflex. It meltcd and 
decomposed at 228", but the melting point varied somewhat with 
the rate of heating (Pound : C = 50.60; H = 4.58; I = 28-45; 
S = 7.07. C,,H,oN31S requires C = 50-77 ; H = 4-46 ; I = 28.29 ; 
S = 7.13 per cent.). 
The colour in solution is a deep ruby-red, which is discharged 
by acids with great ease, but reappears on dilution or addition of 
alkali. 
4-Phenyl -3-methy l -2- th~azoleny l -4-q .u in~~e  Methiodide, 
\- 
-A solution of 4-phenyl-2-methylthiazole metliiodide (4 grams), 
quinoline methiodide (7.2 grams), and sodium hydroxide (0.71 gram) 
in absolute alcohol (80 c.c.) gave an intense red colour on heating, 
and after boiling for thirty minutes, a semi-crystalline precipitate 
was formed on cooling. On recrystallisation from methyl alcohol, 
the cyanine dyestuff was obtained in red crystals with a bluish- 
green metallic reflex, melting and decomposing at 240" (Found: 
I = 27.73; S = 6.73. C,,HI9N,IS requires I = 27.83; S = 6-99 
per cent .). 
The colour in solution is a deep orange-red, and is discharged 
by acidification, but reappears on dilution or addition of alkali. 
The dyestuff is a photosensitiser, and the extra sensitiveness con- 
ferred on the gelatino-bromide plate extends to X 6000, with a 
maximum at A 5300, for moderate exposurcs. 
D . 2- Phen yl-4-methylthiaxole. 
2-Phenyl-4-methylthiaxole and Benxaldehyde.-2-Phenyl-4-methyl- 
thiazole was made from thiobeiizamide and monochloroacetone, 
according to the method described by Hubacher (Annalen, 1890, 
259, 236), and was found to  boil a t  282"/762 mm. Hubacher 
describes it as a liquid : we obtained it in colourless crystals melting 
a t  29.5". 
This base failed to react with the equivalent amount of benz- 
aldehyde in the presence of anhydrous zinc ciiloride, when heated 
in a sealed tube for ninety-six hours a t  100". The unchanged 
base melting a t  29" was recovered from thc acid aqueous extmct 
of the contents of the tube, and the ethereal extract, on oxidation 
with potassium pcrmanganate, yielded an amount of benzoic acid 
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corrcspondiiig with 90 per ccnt. of the benzaldehyde originally 
taken. 
2-Phenyl-4-nzet7~ylthiaedc Methiodide.-This quaternary salt was 
obtained in a 70 per cent. yield by heating the base with methyl 
iodide in a scaled tube for forty-eight hours a t  90". 
It is formed with far less readiness than the methiodide of the 
isomcric 4-phenyl-2-rnetliylthiazole, an almost theoretical yield of 
which was obtained when the base was heated with methyl iodide 
for twenty-four hours a t  80". The difference of reactivity towards 
alkyl iodides of the nitrogen in thc two systems, :CMe*N:CPh- 
and :CPh-N:CMe-, in which the methyl and phenyl. groups arc 
interchanged, is noteworthy. 
On recrystallisation from hot water, in which it is fairly soluble, 
the methiodidc was obtained as faintly yellow prisms which melted 
a t  192". It is easily soluble in hot dilute or absolute alcohol 
(Found : I = 40.16. 
When this methiodide (4 grams) and p-dimethylaminobcnz- 
aldehyde (2 grams) were boiled in absolute alcoholic solution 
(40 c.c.) with piperidine (0.4 c.c.) for fifteen hours, the solution 
assumed the brownish-red tinge which is produced when an alcoholic 
solution of p-dimethylaminobenzaldehyde is boiled for a long time 
with piperidine, but no evidence that any condensation had taken 
place could be obtained. 
On evaporation of the alcohol, a red, semi-crystalline, tarry mass 
remained, which was well washed with ether and extracted several 
times with boiling water. In the aqueous solution was found the 
unchanged methiodide (3.8 grams). In  a similar manner, it was 
proved that, after six hours' boiling of the methiodide and nitroso- 
dimetliylaniline with piperidine in alcoholic solution, no con- 
densation had taken place; thus showing a great contrast with 
the methiodide OP 4-phenyl-2-rnethylthiazole, which gave an 85 
per cent. yield of condensation product with nitrosodimethylaniline 
in the presence of piperidinc after boiling the alcoholic solution 
for only fifteen minutes. No condensation of 2-phenyl-4-methyl- 
thiazole methiodide with quinoline methiodide in alcoholic soda 
solution could be effected. 
C,,H,,NIS requires I = 40.07 per cent.). 
One of us (J. L. B. S.) is indebted to the Department of Scientific 
and Industrial Research for a grant which he desires gratefully to 
acknowledge. He also wishes to express his thanks for a grant 
from the Government Grant Committee of the Royal Society by 
which part of the cost of the materials employed was dcfrayed. 
UNIVERSITY CIIEMICAL LABOZATORY, 
CAMBRIDGE. [Received, November 15th, 1922.1 
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